We experimentally demonstrate {0.6 dB of photocurrent noise reduction below the shot-noise limit ({1.4 dB without losses) in a phase-sensitive ampli er (nonlinear Sagnac interferometer) using two orthogonally polarized pulses to cancel the GAWBS noise.
Recently, bright sub-Poissonian pulses of light were obtained from an unbalanced nonlinear Sagnac interferometer 1]. The noise reduction was shown to be mainly due to the strong correlation between the pulse's photon number and phase, that develops during propagation in the Kerr medium 2]. The success of these experiments critically depends on the use of ultrashort (femtosecond) soliton-like pulses in order to achieve substantial nonlinear phase shifts in short (few meters) lengths of ber. For picosecond pulses, however, the required longer ber lengths lead to accumulation of excess noise that is due to scattering on thermally-excited acoustic modes of glass ber, also known as guided-acoustic-wave Brillouin scattering (GAWBS) 3], which makes observation of quantum e ects very di cult. Two schemes were developed in order to achieve broadband suppression of the GAWBS noise in squeezed-vacuum generation experiments that employed a balanced Sagnac interferometer: i) cooling the ber to liquid-nitrogen temperatures 4] and ii) generating two squeezed-vacuum pulses, separated by a short time delay, and detecting them with a relative phase shift of by a two-pulse local oscillator 5]. The second method, in order to achieve excess-noise cancellation, used time delays shorter than the inverse bandwidth of GAWBS, which required a GHz electro-optic modulator for fast phase switching.
In this paper we experimentally demonstrate bright sub-Poissonian light generation with a balanced nonlinear Sagnac interferometer. In contrast to the previous work, where such a device was used for quadrature squeezing of the input vacuum 4, 5], we inject a coherent-state input signal, which can be either ampli ed or deampli ed depending on its phase relative to that of the pump, transforming a balanced Sagnac interferometer into a phase-sensitive ampli er (PSA) 6]. In the case of deampli cation, the output signal can be shown to be sub-Poissonian, even when the signal power is comparable in magnitude to that of the pump, which makes the quantum noise reduction robust with respect to the pump leakage into the signal arm 7]. To cancel the GAWBS noise we employ a novel technique using two orthogonally polarized pulses in both the pump and the signal arms of the interferometer. This scheme has the practical advantage of not relying on ultrafast electronics to implement phase switching and synchronization.
The experimental setup is shown in Fig. 1 . A 100-MHz train of 7.3 ps sech pulses from a modelocked KCL color-center laser, operated at a center wavelength of 1.55 m, is divided between the signal and the pump arms. Our Sagnac loop is made with 100 meters of the Fujikura polarizationmaintaining (PM) ber. Polarization controllers in each arm are set to equally excite both axes of the PM ber. A di erential phase controller is adjusted to make the relative phase between the two polarizations in the signal arm di er from that in the pump arm by . The optical paths of the input signal and pump are matched for both polarizations. This insures that, while the two signal polarizations arrive at slightly di erent times at the input of the Sagnac interferometer, they are independently deampli ed, with the same gain, by the corresponding polarizations in the pump arm. The output signal, separated from the input by a circulator, is directed onto a balanced photodetector, where the resultant photocurrent noise is measured. Because of the relative phase shift, the GAWBS noise due to the cylindrically-symmetric acoustic modes is anticorrelated in the two output signal polarizations. Our detector integrates over the two polarization pulses, which are separated in time by 170 ps due to the birefringence of the PM ber, thus canceling the GAWBS noise caused by these modes. Although the excess noise due to torsional-radial depolarizing modes is not canceled by this scheme, their contribution was shown to be relatively weak 8].
In Fig. 2a we plot the resultant values of the power spectral density of the sum photocurrent, normalized by the corresponding values of the di erence photocurrent, the latter representing the shot noise level. The phase di erence between the signal and pump arms was adjusted to obtain the minimum relative noise factors, as the amount of power in the pump arm was varied. The noise measurements were done at a frequency of 60 MHz with 1 MHz resolution bandwidth. We have observed a maximum noise reduction of {0.6 dB below the standard quantum limit. The overall detection e ciency in our setup is 0:44. The Fano factors of the deampli ed light, inferred from the photocurrent noise by correcting for 6 = 1, are plotted in Fig. 2b along with the corresponding minimum values of the PSA power gain. The minimum Fano factor thus inferred is {1.4 dB. The predictions of a quasi-cw linearized quantum theory of a Sagnac-loop PSA 7] are also shown in Fig. 2 , and are found to be in good agreement with the experimental data. The observed sub-Poissonian behavior, which could not be seen in the absence of a second -shifted orthogonally polarized pulse, indicates that our GAWBS cancellation scheme is a viable and practical technique for achieving squeezing in bers.
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